Abstract: This study presents the parasitical relationships between the leech Piscicola respirans and European grayling Thymallus thymallus. It determines leech invasion intensity and extensity as well as describes the preferences of fin selection by the parasite as a place to attach and feed. It also shows the significance of fin selection by the leech in the initial phase of life cycle. Finally, the study defines P. respirans as a predominantly fin-parasite of fishes. Most probably the host-searching mechanism is based on positive phototaxis.
Introduction
Freshwater species of fish leeches (piscicolids), with a few exceptions, live in Holarctic continental waters (Utevsky & Trontelj 2004; Utevsky 2007) . Piscicolid leeches are parasites of many fish species (Sket & Trontelj 2008 ) although a few species also feed on crustaceans and octopus blood (Epshtein 1959; Burreson & Allen 1978; Janssen 1993) . Fish leeches feeding on blood, for example Piscicola geometra (L., 1761), stay on their hosts for a comparatively short time -up to 24 hours. Since leeches drop off quickly after attaching to a host, parasitologists have shown little interest in studying them (Polyanski 1955; Utevsky & Trontelj 2004) . However, Piscicola respirans Troschel, 1850, stays on its host throughout its life cycle (about 3-4 months) and leaves the host only after laying cocoons.
Some parasitic leeches can occur in huge amounts. A good example is Johanssonia kolaensis Selensky, 1914, which parasitizes Anarhichas L. fishes, and in extreme cases destroy their fins (Epshtein 1968) . Moreover, piscicolids are vectors of fish haematozoans (Khan & Paul 1995) .
Piscicola respirans is a fish ectoparasite. Its main hosts are salmonid fishes (Salmonidae): salmon Salmo salar L., 1758, brown trout Salmo trutta morpha trutta L., 1758, brook trout Salmo trutta morpha fario L., 1758, thymallid fish (Thymallidae) European grayling Thymallus thymallus (L., 1758), as well as cyprinid fishes (Cyprinidae): barbel Barbus barbus (L., 1758) and dace Leuciscus leuciscus (L., 1758). Most studies concerning leech occurrence on fish were based on very little material (this also applies to P. respirans), therefore using statistical analysis was not easy (Lestage 1936; Sitowski 1937; Epure 1945; Hoffman 1955a, b; Wojtas 1959; Bielecki 1977) .
Piscicola respirans always occurs on fishes in huge amounts, resulting in economic losses. Moreover, parasite infestation discourages fishermen from catching such infected fish (Bielecki 1977, fishermen's oral information) .
Classification of the species P. respirans is a controversial matter. Epshtein (1968) and Bielecki (1997) suggested that this species should be classified in the genus Piscicola. However, traditional research by Sawyer (1986) as well as molecular studies by Utevsky & Trontelj (2004) and Utevsky et al. (2007) have shown the possibility of transferring P. respirans to the genus Cystobranchus.
The aim of the study is to analyze the relationship between the parasite P. respirans and one of its hosts -the European grayling. The authors put forward two hypotheses: 1. It is most probable that P. respirans is an obligatory fin-parasite; 2. there is a high probability of parasitic invasion, mainly on paired fins.
Material and methods
European graylings were caught using electrofishing in the Dunajec River on the segment between Ostrowsko -Sromowce Wyżne and in the estuary parts of two tributaries: the Niedziczanka and the Leśnica brooks, from 7 to 11 April, 1986. A random sample of 100 mature European graylings were caught for examinations. The fish body lengths were measured with an accuracy of 0.5 cm. The numbers of leeches were assessed on all fins and on the trunk. Using χ 2 2 × 2 tables of frequencies, the following null hypotheses were verified: (1) the frequency of European graylings with pectoral, pelvic, anal, caudal and dorsal fins parasitized by leeches was the same (there were as many fishes with leeches on the pectoral fin as on the pelvic fin, anal fin, etc.); (2) the frequency of European graylings with one infected fin as well as two, three or four fins infected in one time was the same; (3) the frequency of European graylings with varying number of leeches on the fins was the same (there were as many fishes with one leech as there were with two, three, four, etc.). Spearman's rank correlation coefficients were calculated for relations: (i) between the body length of parasitized European graylings and the number of leeches that were located on fins; (ii) between the number of leeches and the number of infected fins.
Results
The leech P. respirans was recorded on the fins of 78% of European graylings. The leech species occurred on all fins, except the adipose fin. On the trunk of fishes, only two leeches were found. Of the 78 European graylings on which leeches were recorded, 61.5% had infected pelvic fins, 34.6% had infected caudal fins and 24.4% had infected pectoral fins (Fig. 1) . Statistically, most often the leeches occurred on the pelvic fins (χ 2 , df = 1, P < 0.001) and most rarely on the caudal fins. The fre- quency of infection of the other fins by the leeches was statistically the same (χ 2 , df = 1, P < 0.05); a significant difference was only recorded between caudal and anal fins (χ 2 , df = 1, P < 0.0105). The leeches were recorded both on one fin and on several fins simultaneously (Fig. 2) . Majority (57.7%) of fishes (χ 2 , df = 1, P < 0.001) had only one fin infected, and 30.9% of fishes had two fins with leeches. The percentage of European graylings with leeches on three and four fins was low (6.4% and 5.1%, respectively). The number of leeches recorded on a single fin ranged from 1 to 31 (Fig. 3) . Statistically, most often one or two leeches were found; in 42.3% and 24.4% of fishes, respectively (χ 2 , df = 1, P < 0.05); three leeches were found on 10.3% of fishes, and four leeches were found on 6.4% of fishes.
A statistically significant increase in the number of leeches on the fins correlated with the increase in the European grayling body lengths was recorded (r s = 0.2576, n = 78, P < 0.05). The number of leeches on the caudal fin increased along with the body lengths (r s = 0.4184, n = 27, P < 0.05; Table 1 ), but no statistically significant increases in the numbers of leeches on the pectoral and pelvic fins were recorded (r s = 0.2796, n = 19, P > 0.05) and (r s = 0.2386, n = 48, P > 0.05), respectively.
A statistically significant positive correlation between the number of leeches on paired fins (r s = 0.8094, n = 8, P < 0.05) as well as a correlation between the number of leeches and the number of infected fins (r s = 0.4687, n = 45, P < 0.05; Table 1 ) were recorded.
Discussion
It is difficult to compare the obtained results with the results of other studies on the relationships between hosts and parasitic leeches (Bielecki 1988b ). Hoffman (1955a , b, 1956 ) collected extensive data on the wide scale occurrence of P. respirans on fish in the Rhine River basin as well as on the death of many fish caused by this leech. In the Rhine River basin, P. respirans parasitized mainly brown trout with an average intensity of 10-20 leeches per fish, and in single cases the intensity reached up to 47 leeches at the end of April. In the Cerna River in Romania, which flows into the Danube River, P. respirans were recorded on barbel in substantial numbers. On each examined fish, 10-15 leeches were found in April (Epure 1945) . In the rivers of Belgium, according to fishermen's estimates, the infection intensity of brown trout by this leech ranged from 50 to 100 (Lestage 1936) . Even if recent data are slightly inaccurate, there is definitely an intensive infection of brown trout as well as other rheophilic fish species by these leeches in the drainage basin of the Rhine River and also in other rivers (San, Nysa K lodzka - Bielecki 1977, 1978 and unpubl. data ). In the current study, the extent of infection of European grayling by P. respirans was high and statistically significant with an intensity of up to 31 leeches. The whole-scale occurrence of P. respirans on fish was also recorded in Poland in the Dunajec River and its tributaries (Sitowski 1937; Wojtas 1959 Wojtas , 1960 Wojtas , 1961 Bielecki & Witkowski 1988) . The invasion of brown trout and European grayling by this leech species with quite big intensity (up to nine leeches) was reported by Bielecki (1977 Bielecki ( , 1988a in the Nysa K lodzka River and in its tributaries. Due to this data it is reasonable to be alarmed that P. respirans may lead to a wide-scale diminishing of the brown trout and other fish species (Johansson 1929; Schäperclaus 1954) . Andersson (1965) studied the infection of European grayling by another clitellate, Acanthobdella peledina Grube, 1851, in rivers of Scandinavia. Usually up to a third of the fish population was infected, however, the infection intensity was either very low (4-5 leeches) or very high (1-100 leeches). The leech prefers central fins, especially their bases, followed by the caudal fin. Other fins were infected with a similar intensity.
Leeches choose specific microhabitats: trunk, fins, mouth and gills. The current location of P. respirans on a fish was unknown. In the European grayling, leeches occurred on all fins (except the adipose fin); thus P. respirans should be considered as a fin parasite.
In the Nysa K lodzka River, Bielecki (1997 and unpubl. data ) also recorded single occurrences of the leech on body sides, eyes and in the mouth cavity and gill cavity. In these studies only two specimens were recorded out of fins. However, they were at the beginning of the life cycle, thus they could be caught during their migration to the fins.
The observation that the number of European graylings with pelvic fins infected by P. respirans was the highest (39%) and that most leeches were attached to the fins (48%) can be explained by positive phototaxis. Till now the mechanism of host-searching by leeches has been explained only based on chemotaxis (Friesen 1981; Khan & Emerson 1981) . However, most likely the chemotaxis mechanism dominates in stagnant water (e.g., lakes, ponds), because it is more possible to send and receive chemical signals in such conditions. In lotic waters (e.g., rivers, and especially brooks) such possibility is less or non-existent. In fast flowing waters which are overexposed to the bottom, the mechanism of positive phototaxis dominates. In this case the chemotaxis is a secondary phenomenon. Only after reaching a fish, the leeches discover, using the mechanism of chemotaxis, whether it found an appropriate host. Sawyer (1986) and many other authors studying Piscicola geometra L., 1761 have mentioned the importance of mechanic stimuli ('responsive to water disturbance etc.). We have mentioned these suppositions because they have not been falsified. Piscicola geometra, unlike P. respirans, predominantly occurs in fishponds, lakes and in slow-flowing rivers, where the detection of water disturbance is more possible than in brooks.
The leeches do not swim to their host but are attached to the substrate by a posterior sucker. They penetrate a specific space in which they seek for a potential host and this area of penetration depends, to a high degree, on the leech body length. The pelvic fins of fish afford the easiest access for these parasites as they are the closest to the river bottom. Moreover, the pelvic and pectoral fins, which are outstretched laterally, offer a relatively large space. In addition, the pelvic and pectoral fins are located in the middle of the body, which is also significant. The leeches choose the most illuminated locations in order to be able to perceive the shadow of a host (a decrease in light intensity). Leeches recognize decreased light intensity using eye-like spots that are situated on the posterior sucker (Bielecki 1988c (Bielecki , 1997 (Bielecki , 1998 (Bielecki , 1999 Fig. 4) . In order to detect the lowest decrease in light intensity (the smallest shadow), leeches must migrate to the lightest places (positive phototaxis). The greatest decrease in light intensity arises when the middle of a fish body (ventral fins) is located above the leeches. Thus, the result of the leech reaction to the shadow and movement of a fish converges in the half of the body length next to the ventral fins. It is interesting that the numbers of leeches on the pectoral and ventral fins are significantly correlated (r s = 0,8094, n = 8, P < 0.05; Table 1 ). An attack of the leech on the pectoral fins is much more difficult than an attack on the ventral fins because the pectoral fins are situated farther from waiting leeches than the ventral fins. Furthermore, the shadow of a swimming fish is not prominent yet, thus it does not produce a great decrease in light intensity (Bielecki 1998) . These are probably the reasons why fewer leeches can be found on pectoral than on ventral fins.
In conclusion, the two hypotheses in this study have been supported: (1) Piscicola respirans is mainly a fin parasite; (2) the invasion of the parasite P. respirans is directed mainly to the paired fins.
